O rganisms process sensory information to learn about their environment and to inform future behaviours. The first layers of sensory processing transform information from the sense organs into sparse and stimulus-specific activity patterns across large populations of neurons in the brain 1 . But the subsequent processing steps are less well understood. Hige et al. 2 (page 258 of this issue) address this gap in knowledge by studying the olfactory system of the fruit fly Drosophila melanogaster.
In insects, olfactory sensory neurons project to a processing centre in the brain called the antennal lobe. At this stage, information about different odours is encoded by overlapping but specific patterns of activity across a relatively small population of projection neurons (about 150 in fruit flies). These activity patterns are transmitted to two higher brain regions, one of which is the mushroom body. Here, odour representations are transformed into sparse activity patterns across a much larger number of neurons called Kenyon cells (flies have around 2,000 Kenyon cells; Fig. 1 ).
The activity patterns evoked in Kenyon cells by different odours show little overlap. Patterns seem to be generated by random connections to projection neurons, so they vary between individuals 3, 4 . It is therefore thought that this expansion of odour representations in the mushroom body supports their subsequent classification, for example during learning 1 . Indeed, the mushroom body is crucial for learning associations between arbitrary odours and specific values or behaviours. Learning is probably enabled by adjusting the strength of synaptic connections between Kenyon cells and a population of 35 mushroom-body output neurons (MBONs) [5] [6] [7] . The low number of MBONs implies that odour representations are recompressed as they are transferred to higher brain regions, but it remains unclear what information these neurons encode, and how they do this.
Fruit-fly MBONs can be genetically separated into 21 types 8 . Hige et al. expressed a fluorescent calcium-sensor protein in most of these cell types, usually targeting one type per fly. Odour-evoked activity of MBONs was measured using a high-resolution multi photon microscope to detect changes in fluorescence. The authors averaged calcium signals over time and pooled the results across flies to construct mean tuning curves (responses to a set of odours) for each MBON type. They also constructed 'virtual activity patterns' for the whole MBON population by combining the responses of different MBON types.
As observed in other insects 7, 9 , MBONs were Med31 or the Cdk8 kinase protein. Thus, although the authors' data support a role for Mediator in mRNA export, the precise molecular mechanism remains unclear.
Messenger RNA export joins a long list of regulatory roles for Mediator. And Schneider and colleagues' work adds to a growing set of studies [5] [6] [7] suggesting that Mediator regulates late stages of transcription, such as mRNA processing, in addition to its role in transcription initiation 2 . Note, however, that indirect effects could also contribute to the mRNA export or gene-NPC association defects reported by the authors. Consistent with a previous study 8 , Schneider et al. found decreased expression of genes involved in the biosynthesis pathway of sulfur-containing amino-acid residues in cells lacking Sac3 or Med31. An end product of this pathway is S-adenosyl methionine (SAM), which is an essential cofactor for methyltransferase enzymes. A reduction in SAM levels would be expected to inhibit methyltransferase activity, which, in S. cerevisiae, regulates mRNA processing and export 9, 10 . An array of research avenues opens up from Schneider and colleagues' study. For example, the relevance of these yeast findings to human Mediator remains to be determined. Although the authors demonstrated that TREX-2 interacts with Mediator in S. cerevisiae, existing studies of human Mediator-interacting proteins are largely devoid of human versions of the TREX-2 subunits. The functional link between S. cerevisiae Mediator and mRNA export will probably be evolutionarily conserved in some way, but the mechanisms by which the protein complex acts in human cells are likely to be distinct. Most S. cerevisiae mRNAs are not spliced into different versions of the transcript, for instance, in contrast to human mRNAs. Active genes in human cells do not typically associate with the nuclear periphery or the NPC, unlike genes in yeast. Instead, data suggest 11 that active genes are found in the nuclear interior in human cells, and that they preferentially associate with structures called PML nuclear bodies, or with 'mobile' NPC proteins such as NUP98 (ref. 4 ).
An intriguing implication of the current study is the potential involvement of Mediator in regulating transcriptional memory, in which reactivation of specific genes, such as those induced by stress, occurs faster in progeny cells whose parents have previously experienced that stress 4 . This behaviour has been demonstrated in both yeast and mammalian cells 4 , although the underlying mechanisms are incompletely understood. In S. cerevisiae, maintenance of gene-NPC associations following cell division correlates with maintenance of transcriptional memory 4 . Schneider et al. showed that gene-NPC association requires Med31, suggesting a potential role for Mediator in this process.
An interesting aspect of transcriptional memory in yeast is its apparent dependence on a looped genomic DNA architecture that juxta poses the gene's 5ʹ end (the start site for transcription) and 3ʹ end (the site of transcriptional termination) 12 . Although DNA architecture at active genes is different in humans, it is noteworthy that Mediator seems to be involved in the formation and stabilization of these loops in both species 7, 13 (Fig. 1 ). It will be interesting to see whether Mediator, perhaps through its Med31 subunit, contributes to such epi genetic mechanisms of transcriptional memory. For these and other reasons, Schneider 10 that MBONs can transmit information about certain derived properties of the stimulus, such as its valence (positive or negative value).
When interpreting these experiments, two issues should be considered. First, the authors pooled data from several individuals. This approach provides a representative picture when the response of a neuron is stereotyped between individual flies, as in antennal-lobe projection neurons, or when it varies randomly, as in Kenyon cells 3 . However, pooling is not ideal when responses vary systematically between individuals. Consider the same word written by different people -despite the idiosyncratic handwriting, each word is legible, but the average is a blur. Second, the calciumimaging method used by Hige et al. cannot resolve the fine temporal structure of odourevoked activity. But in locusts, for example, the precise temporal patterning of MBON activity provides a great deal of information about odour identity 9 .
Hige et al. found that the tuning curves of some MBONs were stereotyped across flies, whereas others were more variable. To explore the source of this variation, they took simultaneous electrical recordings from a Kenyon cell and an α2sc neuron, the MBON type that showed the greatest variation between individuals. The probability of an excitatory synaptic connection between these cells was only around 30%, suggesting that variable tuning of MBONs is a consequence of variation in the connections they form with Kenyon cells.
Although the tuning curves of α2sc neurons differed between individuals, the authors showed that the tuning of α2sc neurons in the two hemispheres of individual flies was nearly identical. Moreover, variability between individuals was abolished in rutabaga mutant flies, which have severe learning deficits. The mutation in the rutabaga gene disrupts the plasticity process that modifies the strength of synaptic connections. These results suggest that the variation in MBON tuning, unlike that of Kenyon-cell tuning, is not simply caused by randomness in the wiring between Kenyon cells and MBONs, but instead reflects a coordinated process that shapes, or 'individualizes' , the responses of MBONs in each fly (Fig. 1) . Information transfer from Kenyon cells to MBONs might therefore be shaped by experience. Because this process depends on rutabaga, the underlying synapticplasticity mechanisms might overlap with those involved in associative learning.
Hige and colleagues' results indicate that MBONs map high-dimensional odour representations in the Kenyon-cell population onto a low-dimensional output. This mapping differs between individuals, perhaps because the precise connectivity between Kenyon cells and MBONs is shaped by experience. Last year, a behavioural study 10 of fruit flies showed that stimulating different MBONs had specific appetitive or aversive effects that interacted additively, suggesting that the populationwide activity pattern across MBONs represents valence. Hige and colleagues' results thus indicate that MBONs map representations of odours onto a representation of valence in an experience-dependent fashion. The MBONs then transmit this valence representation to higher brain areas to modulate specific behaviours.
This conclusion is consistent with prevailing views of mushroom-body function 1, 4 and can now be tested further. For example, it may be predicted that spontaneous behavioural reactions to odours are less variable in rutabaga flies than in wild-type flies because their odour-to-valence mapping is more stereotyped.
As Marcel Proust highlighted 11 , the emotions associated with an odour depend on an individual's experience. Hige and colleagues have revealed how this may work in fruit flies. Does higher olfactory processing in vertebrates follow a similar scheme? A major target of the olfactory bulb (the vertebrate equivalent of the antennal lobe) is the piriform cortex, in which odours are represented by distributed activity patterns across many neurons. Unlike in the mushroom body, however, the output of the piriform cortex is not funnelled through a small neuronal population, suggesting that higher olfactory processing in vertebrates is more complex than in fruit flies. This notion is consistent with the richness of our olfactory perception and its powerful links to specific memories that we experience every day. ■ 
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